Objective: To assess the feasibility of developing a simulated ward environment in which to assess the ward-based care of surgical patients by clinicians of varying levels of experience (construct validation). Background: Increasing evidence points to the importance of the postoperative or ward-based phase of surgical care in determining patient outcomes. Ward-based care is determined by the clinician ward round, with the simulated ward environment potentially providing a safe environment for training and assessment. Methods: A high-fidelity surgical ward environment was developed. Junior and senior trainees conducted ward rounds of 3 standardized surgical patients and were assessed using a checklist of assessment and management care processes, modified NOTECHS score, and fidelity questionnaire. Results: Nine senior and 9 junior trainees were observed. There was no significant difference in time taken to conduct the round (37.6 ± 2.7 vs 32.6 ± 1.9 minutes, P = 0.16). Senior trainees performed significantly more assessment processes (73% ± 2.8% vs 63% ± 2.5%, P = 0.016) and completed more management tasks (73% ± 4.5% vs 59.4% ± 5%, P = 0.058). Fifteen adverse events were committed by junior trainees versus 8 by seniors (P < 0.001). Seniors scored higher on nontechnical ability (NOTECHS score 21.8 ± 0.61 vs 18.1 ± 1.12, P = 0.017). All of subjects felt the ward, patients, and scenarios were realistic. Conclusions: A high-fidelity, immersive, construct-valid ward simulator has been developed in which to observe and assess ward-based processes of surgical care.
S urgery has evolved over the past 20 years in pursuit of objective assurances of quality and developing a culture of safety. 1 Varied interventions to improve surgical practice in the operating theatre have been successfully implemented, from ensuring safe minimum operative volumes 2 to error-reduction strategies from other high-risk professions such as the aviation industry. 3, 4 In addition, agencies such as the Care Quality Commission in the United Kingdom and the Agency for Healthcare Research and Quality in the United States have been established to oversee health care quality on a national level.
Increasing evidence points to the importance of the postoperative phase in determining patient outcomes. 5 Studies of medical error and avoidable adverse events 6, 7 have suggested that up to 1 in 10 hospitalized patients experience an adverse event, with a majority of preventable events in surgical patients occurring outside of the operating theatre. 7 Recent studies have demonstrated that for certain complex operations, similar postoperative morbidity rates across different hospitals contrast with variable mortality rates. 8, 9 This suggests that variability in surgical patient outcomes is due to ward-based failures, specifically in the identification and management of complications ("failure to rescue"), rather than due to errors occurring in the operating room.
Postoperative patient assessment, diagnosis, and subsequent patient management plans are typically established through the ward round. The clinician must demonstrate clinical, managerial, and leadership abilities in reconciling history, physical examination, diagnoses, and treatment plans while acting in concert with clinical team and allied health care professionals. 10 Without specific training, the trainee must learn through his or her own previous experiences, with the skills needed to competently conduct a ward round acquired through tradition and emulation of others rather than through evidence-based training and assessment. 11 Modern surgical training increasingly uses simulation as a training tool, enabling trainees to acquire skills on high-fidelity models while benefiting from the advantages of a dedicated educational environment that eliminates risk to patients or trainees. To date, simulation in surgery has been widely used for procedural skills 12, 13 but in only a limited capacity for nontechnical skills and scenarios outside of the operating theatre. 14 The use of high-fidelity simulation for ward rounds or the ward environment has been explored in limited studies, such as to familiarize medical students to the ward environment, 11, 15 but not considered for use as an assessment and training tool for clinical skills or clinicians.
The aims of this study were to develop and assess the feasibility of a simulated ward environment. Within the simulated ward, we sought to investigate differences between novices and experts in the conduct of ward rounds (construct validation). Fidelity of the simulation was assessed using a questionnaire.
METHODS Subjects
General surgical trainees (specialist registrars) were recruited from a single academic surgical unit. For the purposes of this study, ST3-to ST4-level trainees (first-or second-year general surgical specialty trainees) were defined as junior trainees, with ST5-to ST8level trainees defined as senior trainees. More junior trainees were excluded because they do not conduct independent ward rounds in common practice. vital sign charts, and drug charts appropriate to the patient scenarios was available. Simulated medical documentation was not limited to that relevant to the current admission but included documentation of previous admissions and other paperwork such as nursing care pathway proformas, social assessments, or preoperative assessments, as would be found in actual medical notes. A ward computer was available to search for radiological and blood test results for each patient as required.
Simulated Scenarios
Three patient scenarios were designed and validated through review by a consultant (attending) surgeon ( Fig. 2 ). Patient 1 was an elderly man who had undergone an anterior resection of the rectum and was demonstrating signs of sepsis, patient 2 was a young female patient admitted with right iliac fossa pain, and patient 3 was a middleaged female patient admitted with epigastric pain and blood results suggestive of pancreatitis.
The scenarios were designed to not only reflect a complex case mix of patients requiring further evaluation and intervention but also to ensure that each case was a commonly presenting problem that one would expect trainees of all levels to be familiar with and manage appropriately. Each simulation case was based on a real-life scenario and implemented in the simulated ward after a single pilot session to identify any missing information such as paperwork or pathology reports. Professional medical actors, appropriate to age and sex of each simulated patient and with extensive previous medical role-play experience, were briefed both verbally and with written actor cards before each session about their scenario, answers to any potential questions, and how they would be expected to react upon physical examination. The actors had intravenous drips, central catheters, epidural and urinary catheters, and wound dressings applied, as appropriate.
Two initial pilot sessions were conducted to fine-tune the scenarios, which identified missing documentation and clinical background. This was corrected before the actual trial to ensure an immersive and high-fidelity environment.
Study Protocol
Each subject conducted a ward round of 3 patients. A preround handover was conducted, with a member of the research team as the on-call night registrar conducting a weekend morning handover-a typical situation in which the subjects would have several patients to review with whom they would not be familiar. A standardized verbal handover was conducted, and a written handover sheet was given to the subject as per standard clinical practice.
The subject was free to conduct the ward round in the manner of his or her personal practice ( Fig. 3) and was accompanied by a ward nurse and a house officer (intern), both played by medical students who were provided with prescripted clinical information to provide about patients if asked. The subject was unobtrusively observed by a member of the research team. To counter rater bias, 40% of observations were conducted with a second rater blinded to the level of training of the subject. In addition, the subject was recorded by a stationary digital video camera. Because of its stationary position, this was unable to record most directly observable processes but did record verbal cues, which were reviewed to help resolve uncertainties or discrepancies in hand-recorded observations.
Assessment Methods
The time taken for the subject both to review each patient and to conduct the complete ward round was documented.
Clinical Care Processes
A checklist, conceptually based on a previously validated checklist for clinical handovers, 16 was created to record clinical care processes carried out in the conduct of the ward round. Divided into assessment and management processes, it lists care generic processes generalizable to any patient. The assessment processes consider all clinical information available to the clinician, categorized into 10 items such as patient history, drug charts, radiology, or physical examination (Table 1) . Seven generic management processes applicable across all cases were identified (see Table 1 ).
Nontechnical skills such as teamwork, leadership, and communication were assessed using an adapted NOTECHS scale, with a scale of 1 to 5 based on exemplar criteria across 5 behavioral domains. Originally based on concepts borrowed from the aviation industry, 17 the NOTECHS scale has since been further validated in an adapted form (T-NOTECHS) for clinical trauma teams. 18 On the basis of the methods described by Steinemann et al, 18 we modified the T-NOTECHS score for the ward round (W-NOTECHS), adapting the scoring criteria for each of the domains (leadership, cooperation, and resource management, communication and interaction, assessment and decision making, global awareness, and coping with stress) to the ward environment. Upon completion of the ward round, each subject filled in a fidelity questionnaire, rating a series of statements on a Likert scale ranging from 1 to 5, with additional space for free-text comments.
Statistical Analysis
Data were analyzed using Microsoft Excel 2010 and IBM SPSS Statistics 19 for Windows. The Mann-Whitney U test was used to compare time taken and W-NOTECHS scores between junior and senior trainee groups. Process checklist completion results were compared using the χ 2 test. The Spearman rank correlation test was used to test for correlation between time, W-NOTECHS, and checklist completion scores.
RESULTS
Twenty subjects were recruited (10 senior and 10 junior trainees). Two subjects were unable to attend the study sessions. Nine seniors and 9 juniors completed the study over the course of 5 sessions spread over 2 weeks, with an equal ratio of male to female trainees ( Table 2) .
Time Taken
The time taken for the ward round (mean ± SD) was 37.6 ± 2.7 and 32.6 ± 1.9 minutes for the senior and junior groups, respectively. There was no statistically significant difference between groups, for both overall time taken (P = 0.17) and time for individual patients (patient 1: 12.6 ± 1.7 vs 11.3 ± 1.3 minutes, P = 0.91; patient 2: 9.8 ST6 (n = 4) ST7 (n = 1) ± 1.0 vs 8.3 ± 0.9 minutes, P = 0.30; patient 3: 15.1 ± 1.4 vs 13.0 ± 1.7 minutes, P = 0.38). Comparing the time taken for each patient, the only statistically significant difference was between patient 2 and patient 3, for both juniors and seniors (2-tailed t test not assuming equal variances, P = 0.035 and P = 0.008, respectively).
Clinical Care Process Checklist
Results analysis for the clinical process checklist was broken down into assessment and management processes. Senior trainees performed a significantly greater number of assessment processes than junior trainees-of 10 assessment processes observed for each patient (see Table 1 ), seniors performed 73% ± 2.8% vs 63% ± 2.5% (P = 0.016) (Fig. 4 ). The greatest difference was observed in the review of medical records (88% vs 59%, P = 0.013) and checking for appropriate mechanical and/or pharmaceutical venous thromboembolism (VTE) prophylaxis (40% vs 11%, P < 0.001).
Senior trainees also performed a greater number of management processes (73% ± 4.5% vs 59.4% ± 5%), although this was statistically insignificant (P = 0.056) ( Fig. 5 ). For individual tasks, seniors ordered the appropriate further investigations more frequently (67% vs 33%, P = 0.007).
Considering the case scenarios individually, for patient 1, senior trainees consulted nursing staff more often (89% vs 44%, P = 0.046) and checked VTE prophylaxis more frequently (44% vs 0%, P = 0.023), although there was no statistically significant difference in the overall number of assessment (81% ± 4.1% vs 69% ± 4.8%, P = 0.085) or management processes (69% ± 5.0% vs 57% ± 7.5%, P = 0.091). For patient 2, there was no significant difference for either assessment (61% ± 3.9% vs 54% ± 3.3%, P = 0.31) or management (53 ± 7.2% vs 39% ± 7.3%, P = 0.21) tasks, both overall and for specific tasks. For patient 3, VTE prophylaxis was checked by more senior trainees (56% vs 0%, P = 0.009). There was no significant difference in overall assessment (77% ± 3.7% vs 67% ± 3.3%, P = 0.067). A significantly greater number of senior trainees ordered appropriate further imaging (in this case, ultrasound scan) (100% vs 56%, P = 0.023), and overall a greater number of management tasks were completed by senior trainees (96% ± 2.9% vs 82% ± 4.0%, P = 0.020).
Potential Adverse Events
Potential adverse events were identified through post hoc analysis. Seven events likely to cause delay to treatment were identified. One senior trainee ordered a computed tomographic scan for patient 1, suspecting an anastomotic leak, but explicitly allowed the patient to eat and drink as tolerated, which would have caused a delay to the operating theatre had a leak been confirmed. For patient 2, 4 juniors and 2 seniors did not specify that the patient was to be allowed to take nothing by mouth despite planning to take the patient to theatre for appendicectomy.
One event likely to result in delayed diagnosis was identified, with a junior trainee ordering a chest radiograph and urine dip test for patient 1, suspecting sepsis, but not ordering any further imaging to consider an intra-abdominal cause of sepsis.
In patient 2, several "risk events" occurred, in which case, the patient was put at avoidable risk of an adverse event. Two junior trainees and 1 senior trainee did not confirm pregnancy test status, as would be required for a woman of childbearing age both with abdominal pain and being considered for a general anesthetic agent. Furthermore, patient 2 presented as a known epileptic patient but unable to take anything orally due to nausea, but only a single junior trainee (11%) considered arranging for a parenteral antiepileptic to be administered whereas the majority (56%) of senior trainees did so. Altogether, 23 adverse events were identified, with senior trainees responsible for 8 versus junior trainees responsible for 15 events (P < 0.001). The simulated ward is realistic to work in 4.4 (4-5) 100
The simulated patients are realistic to examine 4.5 (4-5) 100
The case scenarios and clinical information provided are realistic 4.4 (4-5) 100
The handover information was appropriate
(1-5) 56
The handover information was realistic 3.9 (3-5) 78
The simulated ward would be useful to assess conduct of clinicians during ward rounds
(3-5) 78
It is important to be able to assess clinicians conducting ward rounds
(3-5) 89
Clinicians should train in the simulated ward before conducting unsupervised rounds 3.3 (1-5) 28 * Positive response defined as a score of 4 or higher on a Likert scale ranging from 1 to 5.
would be dissimilar to a real ward round. They also commented on the fact that a full respiratory examination could not be conductedduring the study when the subject went to auscultate the chest, the intern offered to examine the chest instead and reported findings or reported to the subject what the findings were if the subject himself or herself auscultated. Two subjects commented on a lack of a live vital signs monitor for the high-dependency unit bed. Two commented on the fact that they were being watched as being an unrealistic aspect of the simulation.
DISCUSSION
This study describes the successful implementation of a simulated ward environment in the assessment of performance of surgical trainees in the conduct of ward rounds. Perceived realism (fidelity) of the simulation was high, with all subjects responding positively to this part of the questionnaire. In establishing differences between senior and junior trainees using the assessment methodology described, this study has demonstrated construct validity.
Senior trainees were more thorough in their assessment of the patient, with a greater number of assessment tasks completed. These differences tended to be greatest for sources of information that did not necessarily pertain to the patient's acute surgical condition. All trainees came to the correct primary diagnosis after reviewing the patient; however, juniors more frequently neglected to note secondary issues such as drug prescription errors, issues pertaining to comorbidities (such as management of epilepsy in patient 2), or VTE prophylaxis status.
Seniors also performed a greater number of management processes than junior trainees. Although this was statistically insignificant (P = 0.058), it is possible that this was due to a lack of statistical power, as one might expect more experienced trainees to be more capable in their management of patients than inexperienced trainees. A significantly larger number of potential adverse events, causing delay or placing patients at risk, were committed by junior trainees.
Although senior trainees performed a greater number of both assessment and management tasks, the time taken to see patients was not different between groups. Seniors were therefore more efficient and structured in their approach to the patient, as reflected in the difference in W-NOTECHS scores.
This study demonstrates the value of simulation for the assessment of clinicians in the ward setting. Although it cannot purport to eliminate all sources of error, some of which, such as the lack of a structured patient handover in the postoperative setting, have been previously identified, 16 this study effectively demonstrates how variability in performance between clinicians, due to the greater experience of senior trainees than junior trainees, may account for some of the variability in postoperative care outcomes (failure to rescue). 9 Simulated clinical environments may be used as both assessment and training tools. Moorthy et al 19 reported the use of the simulating operating theatre to improve surgical performance in the management of operative crises. The simulated ward provides an analogous environment in which the management of postoperative events may be considered. By repeating in a simulated environment, potential or actual adverse events 20 errors may be safely addressed and learned from 21 to improve future patient care. The results of this study establish the simulated ward as a valid option to ensure that trainees have the skill to conduct a thorough patient assessment with a systematic, structured approach to the ward round.
Previously published applications of ward simulation have used manikins either to familiarize medical students with the ward environment 11, 15 or to introduce nurses and nursing students to aspects of ward practice 22, 23 with questionnaire-based assessments of fidelity. This study is the first to consider high-fidelity ward simulation as a tool for training and assessment of clinical practice.
The cost of running a simulated ward is comparable with other types of surgical simulation. Once established, there is no disposable equipment required and costs of running a simulation session are limited to actor payment; for this study, costed at £25 per actor per hour or £225 per half day. This compares favorably with the cost of a simulated operating suite (∼£500 per day) or benchtop procedural simulation models [prices variable; eg, model arm for venepuncture (Limbs and Things, Bristol, United Kingdom) £422].
The Royal College of Surgeons Membership Examination syllabus 24 and American College of Surgeons Surgical Skills Curriculum for Residents 25 specify modules on postoperative care, communication, and management skills-the mandate to ensure not only the appropriate training and assessment of future surgeons' operative skill but also their skills of ward-based patient management is clear. This approach was reflected in the responses from study participants, with 100% recognizing the importance of ward rounds in the clinical management of patients and 89% agreeing that clinicians should be formally assessed in their performance of ward rounds. With the advent of annual revalidation procedures in the United Kingdom, 26 the validated objective assessment of key clinical skills gains further importance still. The simulated ward provides an immersive environment where everyday clinician practice in the form of ward rounds may be assessed; this may complement existing examination modalities such as the Patient Assessment and Management Examination, which assesses clinician performance, but in individual case scenarios in a serialized examination setting. 27 Where centers lack dedicated simulation facilities, there may be a scope for simulated scenarios to be assessed on real wards (in situ simulation), although this may not be feasible in many modern hospitals regularly running to near capacity.
Although 89% of subjects agreed that the ability to assess clinicians' ability to conduct effective ward rounds was important and 100% agreed the simulation was realistic, only 28% agreed that simulated ward round training should be undertaken before conducting rounds on real patients. This disconnect was not explored in detail; however, it may reflect the disinclination to engage with the assessment process that has been reported in other areas with clinicians undergoing revalidation. 28 Such mechanisms of assessment, however, are necessary if surgical training is to advance with proficiency-based curricula.
This study has several limitations to take into account. The relatively small sample size represents a limitation and may have affected our ability to draw statistically significant conclusions from the results. It does not assess the contributions of other clinical staff (nurses and other allied health care professionals), although it is the lead clinician who is responsible for most, if not all, patient assessment and management decisions. During the simulation, there was no time limitation to assess the patient. However, as all patients presented in the simulation were unwell, their assessment could be presumed to take full priority over other duties. Despite this, had a time stressor been introduced, it is possible that error rates would have been higher still. Future studies involving the simulated ward will seek to further improve fidelity in response to the comments received from the questionnaire, by incorporating background noises and distractors as would be present on a real ward round, simulated live patient monitoring, and enabling clinicians to perform a full respiratory examination through the use of programmable digital stethoscopes (Ventriloscope; Lecat's Simply Sim, Tallmadge, OH).
